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© WIRE ELECTRIC DISCHARGE MACHINE. 

© Between first and second wire cutting electrodes 
(13, 14). a wire feed pipe structure (12) which con- 
sists of a cooling fluid introduction member (29). an 
i— elongated pipe type annealing member (30), a fluid 
^ discharge member (31) and a heating member (32) 
^ arranged in the mentioned order from the upper 
side, and which has a through bore (33) in the 
O central portions of these members, is provided so 
that the axes of these through bores are aligned with 

in 

CO 

o 

Q. 
UJ 



that of a wire passage. The cooling water is supplied 
from the cooling fluid introduction member (29), 
passed through the annealing member (30) and dis- 
charged from the fluid discharge member (31). and it 
is not sent to the heating member (32). Conse- 
quently, the wire is cut necessarily in the heating 
member, and receives an annealing effect in the 
annealing member (30). 
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Technical Field 

This invention relates to a wire electric dis- 
charge machine having an automatic wire feeding 
function and a disconnection recovery function. 

Background Art 

In wire electric discharge machines, a wire is 
guided along upper and lower wire guides arranged 
above and below a workpiece, respectively, and 
electric current is supplied to the wire to produce 
an electric discharge between the wire and the 
workpiece, thereby cutting the workpiece. This type 
of wire electric discharge machine has an auto- 
matic wire feeding function and a disconnection 
recovery function. 

The automatic wire feeding operation includes 
cutting the wire when one machining operation is 
completed, removing the leading or forward part of 
the cut wire with respect to the direction of travel of 
the wire, and passing the trailing or rear part of the 
cut wire through a machining start hole provided 
for the subsequent machining operation from a 
distal end thereof. 

According to the disconnection recovery opera- 
tion, when an abnormal electric discharge occurs 
during machining operation and the wire is discon- 
nected at the point of such discharge, an upstream 
portion of the disconnected wire damaged by the 
abnormal discharge is cut off, and the wire (having 
the thus-cut end as a leading end) is fed to the 
workpiece. 

Thus, both the automatic wire feeding opera- 
tion and the disconnection recovery operation in- 
volve forced cutting of the wire. The wire can be 
cut in two ways: One method is a current-supply 
cutting, in which the wire is tensed, and electric 
current is supplied to the tensed part of the wire to 
produce Joule heat there, thereby cutting the wire. 
The other method is to shear the wire using a 
cutter. Where the current-supply cutting is em- 
ployed, the cut end of the wire is free from burr, 
and since the portion of the wire to which electric 
current is supplied is annealed due to Joule heat, 
the annealed portion becomes straight. That is, 
although the wire tends to coil up, the cut end 
portion of the wire can be restored to its original 
shape due to the annealing effect. The cutting 
process also causes the cut end portion of the wire 
to be slightly reduced in diameter, thereby making 
it easier to feed the wire in the subsequent stage. 
For these reasons, the current-supply cutting meth- 
od provides better effect than the shearing method 
using a cutter. 

In the conventional current-supply cutting 
method, however, it is not possible to predetermine 
the point at which the wire is to be cut between two 



electrodes through which wire-cutting current is 
supplied to the wire. Accordingly, even if current is 
passed between the two electrodes and the portion 
of wire between the two electrodes is subjected to 

s annealing, the wire may be cut at a point near the 
upstream side electrode. In this case, most part of 
the annealed portion is cut off, and the remaining 
portion of the wire is scarcely annealed. To cope 
with such a problem, there is an idea suggesting to 

io reduce the distance between the two electrodes so 
that the range within which the wire is cut can be 
limited to some extent, thereby facilitating the sub- 
sequent feeding operation. In this method, how- 
ever, annealed portion of the wire is too limited. 

75 Thus, the conventional current-supply cutting meth- 
od has technical difficulty in deriving stable anneal- 
ing effect from the cutting method using the elec- 
tric current. 

20 Disclosure of the Invention 

An object of the present invention is to provide 
a wire electric discharge machine equipped with a 
wire cutting mechanism for cutting a wire by sup- 

25 plying electric current thereto, wherein the wire- 
cutting current is effectively used for both the wire 
cutting and for providing the wire with stable an- 
nealing effect. 

To achieve the above object, the present in- 

30 vention provides a wire electric discharge machine 
including an upper wire guide for guiding a wire at 
a location above a workpiece, a lower wire guide 
for guiding the wire at a location below the work- 
piece, current supply-wire cutting means including 

35 first and second wire-cutting electrodes arranged 
above the upper wire guide and separated from 
each other at a predetermined distance along a 
wire path, and a wire tensing means for tensing at 
least a portion of the wire between a location at 

ao which the wire contacts the first wire-cutting elec- 
trode and a location at which the wire contacts the 
second wire-cutting electrode, wherein a wire feed 
pipe structure, which is arranged between the first 
and second wire-cutting electrodes and comprises 

45 a cooling fluid inlet section, a slender pipe-shaped 
annealing section, a fluid outlet section and a heat- 
ing section arranged in the named order in a top- 
to-bottom direction, each having a center through 
hole formed therein, and the through holes of the 

so cooling fluid inlet section, the annealing section, the 
fluid outlet section and the heating section having 
axes thereof aligned with a path of travel of the 
wire so that the wire fed from the first wire-cutting 
electrode is allowed to pass successively through 

55 the through holes of the cooling fluid inlet section, 
the annealing section, the fluid outlet section and 
the heating section of the wire feed pipe structure 
to be introduced into the lower wire guide via the 



3 



3 



EP 0 652 067 A1 



4 



second wire-cutting electrode; the cooling fluid inlet 
section of the wire feed pipe structure has a cool- 
ing fluid inlet port formed in a side wall thereof, a 
cooling fluid inlet passage formed therein for con- 
necting the cooling fluid inlet port to the through 5 
hole thereof, and a blocking member arranged in 
the through hole at a location immediately above a 
junction of the through hole and the cooling fluid 
inlet passage for preventing fluid supplied via the 
cooling fluid inlet passage from flowing upward; the to 
cooling fluid outlet section of the wire feed pipe 
structure has a cooling fluid discharge port formed 
in a side wall thereof, a cooling fluid discharge 
passage formed therein for connecting the cooling 
fluid discharge port to the through hole thereof, and 15 
a blocking member arranged in the through hole 
thereof at a location immediately below a junction 
of the through hole and the cooling fluid discharge 
passage for preventing the fluid flowing down via 
the annealing section from flowing downward to the 20 
heating section. 

Preferably, the wire tensing means is com- 
posed of a wire winding unit and a wire delivery 
unit, wherein the wire winding unit includes a wire 
supply reel which is arranged at a starting end of 25 
the wire path and on which the wire is wound and 
drive means for rotating the wire supply reel in a 
direction to wind up the wire, and the wire delivery 
unit is arranged on a downstream side of the wire 
travel path with respect to the lower wire guide, 30 
including delivery means for holding the wire and 
delivering the same downstream. 

Still preferably, a wire hauling unit is arranged 
on an immediately downstream side of the wire 
path with respect to the second wire-cutting elec- 35 
trode, the wire hauling unit including an arm having 
a grip at a distal end thereof for holding the wire 
and arm actuating means for moving the arm to- 
ward and away from the wire path, and the wire 
tensing means is composed of the wire hauling unit 40 
and a wire winding unit comprising a wire supply 
reel which is arranged at a starting end of the wire 
path and on which the wire is wound and drive 
means for rotating the wire supply reel in a direc- 
tion to wind up the wire. 45 

Further preferably, a pressure roller is arranged 
on an immediately downstream side of the wire 
path with respect to the second wire-cutting elec- 
trode, for pushing the wire sideways to press the 
wire against the second wire-cutting electrode. 50 

Further preferably, the second wire-cutting 
electrode is combined with electrode shifting 
means, wherein the electrode actuating means is 
operable to advance the second wire-cutting elec- 
trode toward the wire path to cause the same to 55 
touch the wire, and to retract the second wire- 
cutting electrode away from the wire to keep the 
same off the wire. 



Still preferably, the first wire-cutting electrode 
is always disposed in contact with the wire while 
the second wire-cutting electrode is fixed at a posi- 
tion separated from the wire, wherein the wire is 
pressed against the second wire-cutting electrode 
by a pressure roller arranged on an immediately 
downstream side of the wire path with respect to 
the second wire-cutting electrode to supply electric 
current to the wire. 

Further preferably, the cooling fluid inlet sec- 
tion of the wire feed pipe structure has a nozzle 
formed in the through hole thereof at a location 
immediately downstream of the junction of the 
through hole and the cooling fluid inlet passage so 
that the cooling fluid introduced to the through hole 
from the cooling fluid inlet passage forms a down- 
stream jet flow as it passes through the nozzle. 

With the above arrangement of the present 
invention, when the wire is heated at a location 
between the first and second wire-cutting elec- 
trodes, an effective heating temperature difference 
is caused between the slender pipe-shaped anneal- 
ing section and the heating section. As a result, the 
wire situated at the slender pipe-shaped annealing 
section can be annealed at a certain temperature 
while the wire situated in the heating space is 
heated at a higher temperature, whereby the wire 
is cut at the heating section, and not at the anneal- 
ing section, without fail when required. Thus, not 
only the cutting point is almost fixed, but also the 
annealing effect can be obtained effectively when 
cutting the wire by current supplied thereto. 

Brief Description of the Drawings 

FIG. 1 is a schematic front view of a wire 
electric discharge machine according to the 
present invention; and 

FIG. 2 is a sectional view of a wire feed pipe 
structure used in the wire electric discharge 
machine of FIG. t. 

Best Mode of Carrying out the Invention 

FIG. 1 schematically illustrates the entire ar- 
rangement of a wire electric discharge machine 
having an automatic wire feeding function and a 
disconnection recovery function. The wire electric 
discharge machine is composed of an upper frame 
1 and a lower frame 2. The upper and lower frames 
1 and 2 are coupled to each other by a column, not 
shown, to form an integral rigid body, and face 
each other. 

The upper frame 1 comprises a wire winding 
unit 3, a wire feed roller 4, a wire cutting mecha- 
nism 5, a wire hauling unit 6, and an upper wire 
guide 7. 
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The wire winding unit 3 includes a supply reel 
9 coupled to a winding motor 8. The winding motor 
8 rotates the supply reel 9 in a direction to wind up 
a wire 20 which has once been unreeled from the 
reel 9. The supply reel 9 is in an idle state when it 
is not driven by the winding motor 8. 

The wire feed roller 4 is driven by a wire feed 
motor 10. The amount of rotation of the wire feed 
motor 10 is detected by an encoder 11. 

The wire cutting mechanism 5 includes a wire 
feed pipe structure 12, first and second wire-cutting 
electrodes 1 3 and 1 4 respectively arranged at wire 
inlet and outlet of the pipe structure 12. and a 
pressure roller 15 arranged below the second wire- 
cutting electrode 14, that is, on the downstream 
side of the wire path. 

The wire hauling unit 6 includes an arm 27 
having a grip 26 at a distal end thereof, and an air 
cylinder 28 for withdrawing the arm 27 in a direc- 
tion away from the wire path. The grip 26 is posi- 
tioned downstream with respect to the pressure 
roller 15 and is capable of holding and releasing 
the wire 20. 

The first wire-cutting electrode 13 has a clamp- 
like structure and is capable of holding and releas- 
ing the wire 20. 

The upper wire guide 7 has a nozzle, not 
shown, for guiding the wire at a location above a 
workpiece, supplying electric current, and spraying 
a machining liquid downward in parallel with the 
wire. 

The path of travel of the wire 20 in the upper 
frame 1 is indicated by the alternate long and short 
dash line in FIG. 1. Specifically, the wire 20 un- 
reeled from the supply reel 9 of the wire winding 
unit 3 is turned by deflection rollers 21 and 22, 
passes between the wire feed roller 4 and a pinch 
roller 24, comes into contact with the first wire- 
cutting electrode 13, passes through the wire feed 
pipe structure 12, reaches the upper wire guide 7 
passing along the second wire-cutting electrode 14 
and the pressure roller 15, and then passes 
through the guide 7 toward the lower frame 2. 

The second wire-cutting electrode 14 and the 
pressure roller 15 are arranged so that they are 
allowed to move either towards or away from the 
wire path. At the time of wire cutting operation, the 
wire-cutting electrode 14 and the pressure roller 15 
are individually moved toward the wire 20 by driv- 
ing means such as a solenoid, not shown. The 
pressure roller 15 at this time is moved beyond the 
wire path, as shown in FIG. 1, to bend the wire 20 
as indicated by a dashed line, whereby the wire 20 
is reliably brought into contact with the second 
wire-cutting electrode 14. When the wire cutting 
comes to an end, the second wire-cutting electrode 
14 and the pressure roller 15 are both moved away 
from the wire 20, thus releasing the contact be- 



tween the wire 20 and the second wire-cutting 
electrode 14. 

The lower frame 2 comprises a lower wire 
guide 18, a guide pipe 25, and the combination of 

s a wire delivery roller 16 and a pinch roller 17. 
Reference numeral 19 denotes the upper surface 
level of a worktable. A workpiece placed on the 
worktable undergoes predetermined machining by 
means of an electric discharge produced between 

jo the workpiece and the wire 20 extending between 
the upper and lower wire guides 7 and 18. 

The lower wire guide 18 includes a nozzle, not 
shown, for guiding the wire at a location below the 
workpiece, supplying electric current, and spraying 

75 a machining liquid upward in parallel with the wire. 

The wire 20 fed from the upper wire guide 7 of 
the upper frame . passes through the lower wire 
guide 18 and is turned by a deflection roller 23, as 
shown in FIG. 1. Then, the wire 20 is guided 

20 through the guide pipe 25, passes between the 
wire delivery roller 16 and the pinch roller 17, and 
is wound around a wire take-up roll, not shown. 

During electric discharge machining, the wire 
20 travels along the wire path as follows: In the 

25 upper frame 1, the wire 20 is fed along the wire 
path by the combination of the wire feed roller 4, 
rotated by the wire feed motor 10, and the pinch 
roller 24 disposed in contact with the feed roller 4, 
and. in the lower frame 2, the wire 20 is pulled 

30 along the wire path by the combination of the wire 
delivery roller 16 and the pinch roller 17 disposed 
facing the delivery roller 16. However, while the 
wire 20 is moving during electric discharge ma- 
chining, the supply reel 9 is not driven by the 

35 winding motor 8 but is kept in an idle state. 

The wire feed pipe structure 12 constituting the 
wire cutting mechanism 5 will be described in 
detail with reference to FIG. 2. 

The wire feed pipe structure 12 comprises a 

40 water inlet section 29, an annealing section 30, a 
water outlet section 31, and a heating section 32 
arranged in the order mentioned along the traveling 
direction of the wire 20. Each of these sections has 
a center through hole 33 formed therein to extend 

45 axially so as to allow passage of the wire 20, and is 
electrically insulated from the wire 20. 

The water inlet section 29 has a cooling water 
supply port 41 opening in the side wail thereof, and 
a cooling water supply passage 34 connecting the 

50 supply port 41 to the through hole 33. A restriction 
43 is formed in the through hole 33 of the water 
inlet section 29 at a location immediately upstream 
of the junction where the through hole 33 and the 
supply passage 34 meet in order to prevent the 

55 cooling water, supplied from the supply port 41 
through the passage 34, from being ejected to the 
upstream side, although the restriction 43 maintains 
the through hole large enough to allow the passage 
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of the wire. Formed at immediately downstream of 
the junction of the through hole 33 and the supply 
passage 34 is a nozzle 35 at which the diameter of 
the through hole 33 is reduced to provide a jetting 
effect to the cooling water passing there through. 
The diameter ol the through hole 33 again in- 
creases at the downstream side with respect to the 
nozzle 35. The through hole 33 at the downstream 
side leads to the upper end of the through hole 33 
cut in the annealing section 30 which has a simple 
pipe-like shape. The pipe-shaped annealing section 
30 has a lower end connected to the water outlet 
section 31 . 

The water outlet section 31 has a cooling water 
discharge port 42 opening in the side wall thereof, 
and a cooling water discharge passage 36 connect- 
ing the discharge port 42 to the axial through hole 
33. A nozzle-like partition wall 37 is formed along 
the through hole 33 of the water outlet section 31 
at a location immediately downstream of the junc- 
tion where the through hole 33 and the discharge 
passage 36 meet. A small hole cut through the 
partition wall 37 allows the passage of the wire 20 
but prevents the cooling water from flowing thereth- 
rough. 

Cooling water is introduced from the supply 
port 41 of the water inlet section 29 to the supply 
passage 34, passed through hole 33 and the noz- 
zle 35 of the water inlet section 29 and through 
hole 33 of the annealing section 30, and then 
discharged from the discharge port 42 of the water 
outlet section 31 through the discharge passage 
36. The cooling water is fed by using a machining 
liquid supply device provided in the wire electric 
discharge machine. 

The heating section 32 is coupled to the down- 
stream end of the partition wall 37 of the water 
outlet section 31 . The center through hole 33 of the 
heating section 32 has an increased diameter ap- 
proximately equal to that of the counterpart of the 
annealing section 30, thus defining a heating space 
38. The wire 20 travels towards downstream 
through the heating space 38. and then leaves the 
through hole 33 of the wire feed pipe structure 12. 

The current supply to the first and second 
wire-cutting electrodes for the wire cutting and an- 
nealing, the supply of the cooling water by the 
machining liquid supply device, and the operations 
of related parts for tensing the wire. etc.. are ex- 
ecuted under the control of a control device, which 
is not shown. The control operation executed by 
the control device of the wire electric discharge 
machine according to the present invention is char- 
acterized, compared with the control operation ex- 
ecuted by the control device of a conventional wire 
electric discharge machine, in that, when electric 
current is supplied for cutting the wire, a sufficient 
amount of cooling water is fed to the supply port 



34, so that most part of the wire between the first 
and second wire-cutting electrodes (except for a 
small portion of the wire located at the heating 
section) can be exposed to the cooling water. 

s While normal electric discharge machining is 

carried out by the wire electric discharge machine, 
the second wire-cutting electrode 14 and the pres- 
sure roller 15 are respectively in a retracted posi- 
tion from the wire 20. and thus the cutting elec- 

xo trode 14 and the wire 20 remain in a non-contact 
state. 

Normally, the wire 20 is made to travel down- 
stream along the wire path, due to the wire feeding 
effect achieved by the combination of the wire feed 
is roller 4 and the pinch roller 24 disposed in contact 
therewith and the wire pulling effect achieved by 
the combination of the wire delivery roller 16 and 
the wire hauling unit 6, whereby a workpiece (not 
shown) placed on the upper surface 19 of the 
20 worktable is machined. 

During the machining operation, the workpiece, 
along with the worktable carrying the workpiece 
thereon, is controlled so that it moves on a plane 
(horizontal plane) perpendicular to the wire path 
25 (vertical direction) along a predetermined path with 
reference to the wire path. During this period, the 
first wire-cutting electrode 13 is kept in touch with 
the wire with its clamp kept open. Further, the 
machining liquid is jetted from each of the nozzles 
30 of the upper and lower wire guides 7 and 18, to 
remove sludge produced at a machining spot and 
also for cooling. 

When a geometric figure-based machining of 
the workpiece is completed and a new figure-based 
35 machining is to be executed, the control device of 
the wire electric discharge machine provides a 
series of commands to carry out an automatic wire 
feeding operation. 

In accordance with the commands, the drives 
40 of the wire feed roller 4 and the wire delivery roller 
16 are stopped, whereby the wire 20 stops travel- 
ing. Even after the travel of the wire 20 is stopped, 
the wire delivery roller 16 and the pinch roller 17 
keep holding the wire 20 therebetween. 
45 Subsequently, the second wire-cutting elec- 

trode 14 and the pressure roller 15, which have 
been in their retracted positions respectively, ad- 
vance toward the wire 20 to come into contact with 
the wire. Thus, wire-cutting electric current flows 
so through the wire 20 between the second wire- 
cutting electrode 14 and the first wire-cutting elec- 
trode 1 3 which has been in contact with the wire 20 
during the electric discharge machining. After 
touching the wire 20, the pressure roller 15 further 
55 advances to bend the wire 20 as indicated by the 
dashed line in FIG. 1, whereby the wire 20 is 
securely pressed against the second wire-cutting 
electrode 14 to stabilize the current supply. 
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Accordingly, the portion of the wire 20 between 
the first and second wire-cutting electrodes 13 and 
14 is heated as it is supplied with electric current. 
Simultaneously, the winding motor 8 of the upper 
frame 1 is driven to rotate the supply reel 9, 
thereby causing the wire 20 to be pulled back in a 
direction opposite to the normal travel direction 
(indicated by arrows in FIG. 1), i.e., in the upstream 
direction. However, since the wire delivery roller 16 
and the pinch roller 17 of the lower frame 2 hold 
the wire 20 tight therebetween, as mentioned 
above, the portion oi the wire 20 defined by the 
supply reel 9 and the wire delivery roller 16 is 
tensed when the supply reel 9 is rotated by the 
winding motor 8 to pull the wire 20 in the opposite 
direction. 

Thus, with the portion of the wire 20 between 
the first and second wire-cutting electrodes 13 and 
14 tensed in this manner, electric current is sup- 
plied from the wire-cutting electrodes 1 3 and 1 4 to 
this portion of the wire 20. As a result, the wire 20 
is cut at a location between these electrodes 13 
and 14. However, part of the wire 20 between the 
electrodes 13 and 14 is exposed to the cooling 
water. More specifically, always cooled by colling 
water is a portion of the wire 20 located within the 
through hole 33 which extends from that at the 
immediatly downstream side of the restriction 43 of 
the water inlet section 29, via that of nozzle 35 and 
annealing section, to that at the immediately up- 
stream side of the partition wall 37, so that the wire 
20 is prevented from being cut in this portion. 

That is. the point at which the wire 20 is cut is 
limited within a region which is supplied with the 
wire-cutting current but is not cooled by the cooling 
water, that is. a point within the heating section 32 
(heating space 38) located below the partition wall 
37. In the annealing section 30 located above the 
partition wall 37, the wire 20 is heated by the 
electric current to such a degree as to be an- 
nealed, though it is exposed to the cooling water. 
In this manner, cutting and annealing can be per- 
formed simultaneously at different sports of the 
wire 20. The annealing in the annealing section 30 
serves to straighten the curve of the wire 20, which 
has been acquired while it has been wound round 
the supply reel. 

Immediately after the wire 20 is cut within a 
limited portion thereof situated in the heating sec- 
tion 32. the first wire-cutting electrode 13 clamps 
the upstream portion of the cut wire 20 so that the 
rewinding of the wire 20 due to a reaction force 
caused by the cutting can be prevented. Also, the 
wire delivery roller 16 operates to deliver the down- 
stream portion of the cut wire 20 downstream, to 
discharge the wire 20 to the outside of the ma- 
chine. Further the second wire-cutting electrode 14 
and the pressure roller 15 are retracted from the 



wire 20. The winding motor 8 is set in an idle state. 

Subsequently, high-pressure cooling water is 
supplied via the cooling water supply port 41 into 
the through hole 33 of the water inlet section 29. 

s The wire feed roller 4 is then driven, and the first 
wire-cutting electrode 13 releases the wire. As a 
result, the upstream portion of the cut wire 20 is 
fed downstream due to the rotation of the feed 
roller 4 and a jet of the high-pressure cooling water 

ro formed by the nozzle 35, whereby the distal end 
(cut end) of the wire 20 passes through the heating 
space 38 ol the heating section and then through 
the upper wire guide 7 toward the lower wire guide 
18. 

T5 In this case, the distal end portion of the wire 

20 approaching the lower wire guide 18 has al- 
ready been annealed at the annealing section 30 
and thus is straightened by getting rid of its curve. 
Thus, the wire 20 can smoothly pass through the 

20 upper wire guide 7. 

The length of the annealed and thus straigh- 
tened portion of the wire is dependent substantially 
on the axial length of the pipe-shaped annealing 
section 30. Therefore, when the wire 20 is cut, to 

25 what extent the downstream portion of the cut wire 
20 from the cutting point is to be annealed de- 
pends upon the length of the annealing section 30 
of the wire feed pipe structure 1 2. 

After passing through the upper wire guide 7, 

so the distal end of the wire is further fed toward the 
lower wire guide 18 with the aid of a feeding jet 
(machining liquid) supplied from the nozzle (not 
shown) of the upper wire guide 7, and then reaches 
the wire delivery roller 16 via the deflection roller 

35 23. 

The wire 20 turned by the deflection roller 23 
passes through the guide pipe 25 and reaches the 
wire delivery roller 16. The guide pipe 25 is sup- 
plied with a guiding jet of machining liquid, though 
40 detailed arrangement therefor is not illustrated, 
whereby the wire 20 passing through the pipe 25 is 
guided downstream, i.e., toward the wire delivery 
roller 16. 

The following is a description of a disconnec- 
ts tion recovery operation to be executed when the 
wire 20 is disconnected at a point where electric 
discharge occurs concentratedly during electric 
discharge machining operation. 

When a disconnection of the wire 20 is de- 
50 tected by a disconnection detecting section, not 
shown, the grip 26 of the wire hauling unit 6 holds 
the wire 20. Then, the downstream portion of the 
disconnected wire 20 with respect to the point of 
disconnection (between the upper and lower wire 
55 guides 7 and 18 in FIG. 1) is discharged down- 
stream by the rotation of the wire delivery roller 16. 

The upstream portion of the disconnected wire 
20 is annealed within the annealing section 30 by 
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the electric current supplied from the first and 
second wire-cutting electrodes and by the cooling 
water supplied from the cooling water supply port 
41, while it is cut in the heating space 38 of the 
heating section 32. as in the case of the automatic 
wire feeding described above. 

In the disconnection recovery operation, the 
winding motor 8 is controlled in a manner such that 
it rotates the supply reel 9 in a direction to wind 
the wire 20 backward (upstream). Since, however, 
the wire 20 is held by the grip 26 of the wire 
hauling unit 6, as mentioned above, the actuation of 
the winding motor 8 serves to tense the upstream 
portion of the wire 20 with respect to the grip 26. 

After the thus-tensed wire 20 is cut within a 
limited portion thereof situated in the healing space 
38 of the heating section 32, an upstream portion 
of the cut wire 20 with respect to the cut point is 
clamped by the first wire-cutting electrode 13. On 
the other hand, a short piece of the wire 20, with its 
leading end disconnected and trailing end cut in 
the above manner, which is held by the grip 26 of 
the wire hauling unit 6 at its intermediate portion, is 
moved away from the wire path as the arm 27 
having the grip 26 at its distal end moves away 
from the wire path due to the operation of the 
cylinder 28. The piece of the wire 20 is put into a 
waste wire box (not shown) provided outside the 
machine. 

After discarding the piece of the wire 20 into 
the waste wire box, the arm 27 advances again 
toward the wire path and causes the grip 26 to be 
opened and positioned immediately below the wire 
feed pipe structure 12. 

Then, the wire 20 of which the leading end has 
been cut is fed downstream, in the same manner 
as in the case of the previously described auto- 
matic wire feeding operation. 

In the above embodiment, the cooling water is 
supplied to the annealing section 30 via the cooling 
water supply port 41. The cooling water is not 
limited to fresh water, but may be other liquid such 
as the machining liquid to be sprayed toward the 
workpiece from the nozzles of the upper and lower 
wire guides during electric discharge machining, or 
a gas (air etc.). In brief, within the region between 
the first and second wire-cutting electrodes 13 and 
14, an effective difference of heating temperature 
between the slender pipe-shaped annealing section 
30 and the heating space of the heating section 32. 
so that the wire 20 situated at the slender pipe- 
shaped annealing section 20 can be annealed at a 
certain temperature while the wire 20 situated in 
the heating section 32 is heated at a higher tem- 
perature so as to be cut only within this section 32 

In the case where air, not cooling water, is 
supplied to the annealing section 30, the lorce 
produced by an air jet passing through the nozzle 



35 to feed the wire 20 downstream is smaller than 
that produced by water. Nevertheless, the distal 
end of the wire can be introduced without any 
difficulty through the upper wire guide 7 toward the 

5 lower wire guide 18, because the wire feed roller 4 
acts to feed the wire downstream in cooperation 
with the pinch roller 24, and the portion of wire 20 
including the distal end (cut end) has been an- 
nealed and thus straightened. 

ro Further, in the above embodiment, to supply 

the wire-cutting current to the wire 20, the first 
wire-cutting electrode is always kept in contact with 
the wire, while the second wire-cutting electrode 14 
has to be moved forward to touch the wire. Alter- 

i5 natively, however, with the first wire-cutting elec- 
trode remaining to be kept always in contact with 
the wire as mentioned above, the second wire- 
cutting electrode 14 may be kept stationary at a 
predetermined position separated from the wire so 

20 that the wire may be pushed until it comes into 
contact with the second wire-cutting electrode 14 
by the pressure roller 15 which is arranged on an 
immediately downstream side of the wire path with 
respect to the second wire-cutting electrode, there- 

?5 by supplying electric current to the wire 20. 

Claims 

1. A wire electric discharge machine including an 
30 upper wire guide for guiding a wire at a loca- 

tion above a workpiece, a lower wire guide for 
guiding the wire at a location below the work- 
piece, current supply-wire cutting means in- 
cluding first and second wire-cutting electrodes 
35 arranged above the upper wire guide and sep- 

arated from each other at a predetermined 
distance along a wire path, and a wire tensing 
means for tensing at least a portion of the wire 
between a location at which the wire contacts 
40 the first wire-cutting electrode and a location at 

which the wire contacts the second wire-cut- 
ting electrode, wherein: 

a wire feed pipe structure comprising a 
cooling fluid inlet section, a slender pipe- 
45 shaped annealing section, a fluid outlet section 

and a heating section arranged in the named 
order in a top-to-bottom direction and each 
having a center through hole formed therein is 
arranged between the first and second wire- 
so cutting electrodes, in a manner such that any 
of the axes of those through holes is in accord 
with the wire travel path, so that the wire fed 
from the first wire-cutting electrode is allowed 
to pass successively through the through holes 
55 of the cooling fluid inlet section, the annealing 
section, the fluid outlet section and the heating 
section of the wire feed pipe structure to be 
introduced into the lower wire guide via the 
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second wire-cutting electrode; 

the cooling fluid inlet section of the wire 
leed pipe structure has a cooling fluid inlet port 
formed in a side wall thereof, a cooling fluid 
inlet passage formed therein tor connecting the 5 
cooling fluid inlet port to the through hole 
thereof, and a blocking member arranged in 
the through hole at a location immediately 
above a junction of the through hole and the 
cooling fluid inlet passage for preventing fluid w 
supplied via the cooling fluid inlet passage 
from flowing upward; 

the cooling fluid outlet section of the wire 
feed pipe structure has a cooling fluid dis- 
charge port formed in a side wall thereof, a 75 
cooling fluid discharge passage formed therein 
for connecting the cooling fluid discharge port 
to the through hole thereof, and a blocking 
member arranged in the through hole thereof 
at a location immediately below a junction of 20 
the through hole and the cooling fluid dis- 
charge passage for preventing the fluid flowing 
down via the annealing section from flowing 
downward to the heating section. 

25 

2. A wire electric discharge machine according to 
claim 1, wherein said wire tensing means is 
composed of a wire winding unit and wire 
delivery unit; said wire winding unit includes a 
wire supply reel which is arranged at a starting 30 
end of the wire path and on which the wire is 
wound and drive means for rotating the wire 
supply reel in a direction to wind up the wire; 
and said wire delivery unit is arranged on a 
downstream side of the wire travel path with 35 
respect to the lower wire guide, including deliv- 
ery means for holding the wire and delivering 
the same downstream. 



downstream side of the wire path with respect 
to the second wire-cutting electrode, for push- 
ing the wire sideways to press the wire against 
the second wire-cutting electrode. 

5. A wire electric discharge machine according to 
any one of claims 1 to 4, wherein said second 
wire-cutting electrode is combined with elec- 
trode shifting means, said electrode shifting 
means being operable to advance the second 
wire-cutting electrode toward the wire path to 
cause the same to touch the wire, and to 
retract the second wire-cutting electrode away 
from the wire to keep the same off the wire. 

6. A wire electric discharge machine according to 
claim 1, wherein said first wire-cutting elec- 
trode is always disposed in contact with the 
wire, while said second wire-cutting electrode 
is fixed at a position separated from the wire, 
whereby the wire is pressed against the sec- 
ond wire-cutting electrode by a pressure roller 
arranged on an immediately downstream side 
of the wire path with respect to the second 
wire-cutting electrode, to supply electric cur- 
rent to the wire. 

7. A wire electric discharge machine according to 
claim 1 , wherein said cooling fluid inlet section 
of the wire feed pipe structure has a nozzle 
formed in the through hole thereof at a location 
immediately downstream of the junction of the 
through hole and the cooling fluid inlet pas- 
sage, so that the cooling fluid introduced to the 
through hole from the cooling fluid inlet pas- 
sage forms a downstream jet flow as it passes 
through the nozzle. 



a A wire electric discharge machine according to 40 
claim 1 : further comprising a wire hauling unit 
arranged on an immediately downstream side 
of the wire path with respect to the second 
wire-cutting electrode, said wire hauling unit 
including an arm having a grip at a distal end 45 
thereof for holding the wire and arm actuating 
means for moving the arm toward and away 
from the wire path, said wire tensing means 
being composed of said wire hauling unit and 
a wire winding unit comprising a wire supply so 
reel which is arranged at a starting end of the 
wire path and on which the wire is wound and 
drive means for rotating the wire supply reel in 
a direction to wind up the wire. 

55 

4. A wire electric discharge machine according to 
any one of claims 1 to 3. further comprising a 
pressure roller arranged on an immediately 
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